A b s t r a c t Objectives: Computer-based provider order entry (CPOE) systems are implemented to increase both efficiency and accuracy in health care, but these systems often cause a myriad of emotions to arise. This qualitative research investigates the emotions surrounding CPOE implementation and use.
For over 30 years, medical informaticians and quality improvement experts have said that computer-based provider order entry (CPOE) with real-time, point-of-care clinical decision support could potentially solve many inefficiencies and inaccuracies within the healthcare system. 1 An extensive review of the literature in 1994 concluded that, in addition to institutions pioneering CPOE, other institutions should consider CPOE implementations. 2 More recently, the Institute of Medicine's reports on errors in medicine, 3, 4 the LeapFrog Group's efforts, 5 and at least one state legislature 6 have increased their emphasis on CPOE. In the limited number of institutions that have survived the difficult implementation period, 7, 8 CPOE has proven to be effective at increasing both efficiency and accuracy. Yet no one familiar with the history of CPOE would argue that a CPOE implementation, or its subsequent use by clinicians in routine clinical practice, will definitely succeed, let alone be easy, straightforward, or even result in an error-free medication prescribing process. [9] [10] [11] Over the past five years, the Provider Order Entry Team (POET) led by Dr. Joan Ash from the Oregon Health and Science University in Portland, OR, has been studying various institutions that have successfully implemented CPOE. When we asked individuals involved in these projects to ' 'tell us what happened,'' we have been continually surprised by the strong emotions expressed. This retrospective, qualitative research investigation describes the myriad emotions that we have documented during our study of these CPOE implementations and their subsequent use by clinicians in routine clinical practice.
Background

Computer-based Provider Order Entry
Computer-based provider order entry is the portion of a clinical information system that enables a patient's care provider to enter an order for a medication, clinical laboratory or radiology test, or procedure. The care provider is most often a physician, but we would also consider it CPOE when a physician assistant (PA) or nurse practitioner (NP) with medication-ordering privileges uses the computer to enter orders. 12 The system then transmits the order to the appropriate department or individuals, so it can be carried out. The most advanced implementations of such systems also provide real-time clinical decision support such as dosage and alternative medication suggestions, duplicate therapy warnings, and drug-drug and drug-allergy interaction checking. 13 In this article, we use the generic term CPOE to refer to use of these systems by clinicians in their routine clinical practice. We use the phrase CPOE implementation to refer to the initial process of introducing the CPOE system into the clinicians' routine clinical workflow. Finally, we recognize that these CPOE systems are continually being modified, both to fix problems that are identified by those using the systems as well as to increase the capabilities of the applications. So, from the clinicians' perspective, it often appears as if the CPOE systems are in a state of perpetual implementation or reimplementation.
Emotions
Emotions are mental states that arise spontaneously rather than through conscious effort (see Morelos-Borja, 1998 14 for an overview of emotions and their relation to technology). Changes in underlying physiology, facial expression, or even actions often accompany emotions. A specific event or series of events that either cause the person to succeed or fail in reaching his or her goal(s) triggers most emotions. One's emotions and resulting moods reflect on a person's ability to attend to complex physical and cognitive tasks. 15 While emotions of all types are interesting to study, we are interested in those emotions that are associated with either or both decreases in cognitive and physical abilities. CPOE seems to elicit such emotions. For example, Ash et al. 16 identified many examples of emotionally loaded words related to CPOE either uttered by housestaff or to describe housestaff, such as ''The surgeons have always used it and the internists have sort of been laggards.'' Or ''They just are pretty intolerant if anything isn't just the way they want it.'' There is no widely accepted taxonomy of emotions. 17 In an effort to better study emotions by analyzing textual documents, Storm and Storm 18 developed a hierarchical taxonomy of semantically homogeneous terms that are associated with specific emotions. They further grouped these terms into negative, positive, and neutral emotions. After careful review, we believe that their taxonomy is sufficient to begin illustrating the concepts that we are after (see Table 2 in Methods section that illustrates this hierarchy).
Methods
Overview
We performed a secondary analysis of three previously collected qualitative data sets. The first set contained data from several one-on-one interviews with key individuals involved in various CPOE implementation efforts. 19 For the second set, researchers recorded field notes while accompanying clinicians through typical daily tasks, which were performed in the hospital and outpatient clinics associated with the data set one interviewees. The third set contained data from several multiperson focus groups of clinicians from a large health maintenance organization. These groups focused on asking experienced clinicians about their views on clinical alerts and reminders. 20 These alerts and reminders are most often associated with the medication order entry process within an electronic medical record. Three researchers reviewed all data from the three data sets, identifying quotes that expressed emotional responses to CPOE. One of those researchers (DFS) then further reviewed and classified these quotes using the validated taxonomy of emotions.
Site Selection for Data Sets One and Two
We selected sites with differing lengths of experience with CPOE, geographic locations, and types based on nominations by a panel of experts. The sites included an academic institution on the east coast with a ten-year history of using CPOE (University of Virginia), a west coast Veterans' Administration (VA) hospital with a recent CPOE installation across two campuses, and a nonteaching, community hospital on the west coast with the longest history of CPOE use in the country (EC). [21] [22] [23] Table 1 synthesizes the sites, methods, and participant characteristics of each institution that we selected.
Data Collection Methods for Data Sets One and Two
These studies used three data collection methods: participant observation, one-on-one oral history interviews, and focus groups. Participant observation ''produces detailed descriptive accounts of what [is] going on,'' 24 and has been used effectively in prior informatics studies. 25, 26 Briefly, researchers accompanied clinicians in the course of typical daily tasks in the hospital. We generally followed such shadowing sessions with informal interviews. We also collected data using focus groups, which provide an efficient way to gather information from a group with the benefit of synergy among participants. 27 Finally, formal tape-recorded, one-on-one oral history interviews provided the opportunity to ask open-ended questions, elicit memories to gain a historical perspective, and probe for more specific answers. 28 To gain Adapted from Mozziconacci.
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*Sum of the number of individual clinicians shadowed for periods of at least four hours and the number of units (e.g., nursing stations) observed for at least that period of time (when the observer was watching all activities rather than one individual).
insight about the perspectives of administrators and information technology staff such as chief medical information officers and clinical application support staff, we interviewed representatives of each group. In all, we did a total of 160 person-hours of observation and informal interviewing and 36 hours of formal interviewing.
Data Collection Methods for Data Set Three
Data set three consisted of the transcripts from three focus groups, with four to seven clinicians (i.e., physicians, PAs, and NPs) per group. 20 The subjects were experienced Kaiser Permanente primary care clinicians in the internal medicine, family medicine, and pediatrics departments. The subjects all used a comprehensive outpatient electronic medical record system with CPOE, 29 and they all had computers in their examination rooms. We selected clinicians with the intent of balancing groups according to specialty, physicians and nonphysicians, and gender.
During focus group sessions, the facilitator asked 14 questions focusing on both positive and negative aspects of the system. A sample question was ''Now, we have already heard expressed a number of different views and feelings about alerts and reminders. Let's focus for a few minutes on the circumstances where electronic alerts or reminders are helpful in your work. Can anyone think back to a recent example where an alert or reminder was helpful? What made it helpful?''
Data Analysis
The investigators transcribed the field notes from their handwritten notes themselves. Professional transcriptionists transcribed the audiotapes of interview and focus group sessions. When put into a format suitable for analysis, they totaled 1,280 pages. Rather than using a grounded approach to identify emergent themes, 30 we started with a predetermined taxonomy of emotion-related code words (Table 2) . We used qualitative data analysis software (QSR NUD*IST 4, Sage Publications, Berkeley, CA) to help identify and code patterns and themes.
Results
The analysis identified all of the emotions listed in Table 2 . Negative emotional responses to the CPOE systems were by far the most prevalent in all the observations. While we interviewed or observed more than 50 people, the number of instances of any positive emotion resulting from the CPOE system was very small. Based on our analysis, the most one can expect from a group of overworked employees asked to undergo a major change is that they develop some level of understanding or tolerance for the system. These ''neutral'' emotions were much more common than positive ones but far less common than the negative emotions (i.e., negative emotions .. neutral emotions .. positive emotions).
In order to provide a sense of the emotions exhibited by the clinicians, we provide a brief introduction that attempts to place each exemplary quote in perspective, and then place the actual words that the clinicians used to convey each of the identified emotions in italics. The goal of each of these examples is not to ''prove'' that CPOE results in negative emotions on the part of clinicians, but rather to illustrate the broad range of emotion that various aspects of CPOE and the implementation process can elicit from clinicians.
The first section describes the positively focused emotions that the CPOE systems provoked. The second section describes those emotions that are more neutral, and the final section illustrates the myriad of negative emotions that these systems may generate.
Positive Emotions
Our analysis found very few instances in which people interviewed or observed mentioned or expressed any sort of positive emotion resulting from the CPOE system. In this particular case, the ''positive'' emotion is more a lack of a negative emotion than a true positive experience, for example, ''I would look positively on that (medication interaction alerts) because there are more and more (medication) interactions and so many choices of medications now, that I think it doesn't hurt to have reminders like that.''
Happiness/Enjoyment
Interestingly, the aspects of the systems that tended to provoke these ''good feelings'' were, for the most part, unintentional or serendipitous, on the part of system designers. For example, in one particular system, health maintenance reminders are indicated by a small textbox in the upper righthand corner of the screen that is highlighted if a reminder exists. Once the user has satisfied the alert by ordering the appropriate test or documenting an extenuating circumstance, the highlighted text returns to normal. One user said, ''It's a big deal for me to have those lights unlit. It is a reward for me to have that light unlit. 
Liking/Attachment
While not a unique attribute of CPOE, clinicians like the fact that it is no longer necessary for them to have the patient's chart in their possession to write an order; for example, ''One of the beauties of not having a paper chart is you can do it anywhere, and you can do it on the fly. And so that's actually one of the great bonuses of this process.''
Pride/Honor
Recognition by one's peers is one of the greatest honors that a person can achieve. By creating useful order sets, a clinician in an organization where personal order sets are shared can make a name for him-or herself within the organization. As one clinician stated, ''So efficiency was the first thing, but in fact, I think one of the things that happened, that was a side benefit, is that, the ownership (of the order sets) became an issue and so now you can construct your own personal order set. And that became yours and you could mold it however you wanted and it would be, you know, your hallmark.''
Contentment/Satisfaction
No one familiar with the current state of the art for clinical computing systems and the difficult CPOE implementation process would ever expect the initial version of a system to be perfect. On the other hand, by responding to user criticisms, system administrators have an excellent opportunity to win over clinicians. ''Oh yeah, oh yeah. It's much improved now. And there's aspects to it that actually make things easier than they used to be.''
Neutral Emotions Apathetic/Indifferent
Computer-based provided order entry systems are not as complex as the human emotions and interactions that surround them in health care institutions. While these systems often provoke negative emotions in junior members of the ac- 
Interest/Curiosity
Computer-based provided order entry implementations often inspire intense emotions in members of the health care team.
The following quote illustrates how one clinician described the three groups of clinicians (interested, apathetic, and saboteurs) at his institution. ''And probably people fell into three groups: ones that realized and admitted to themselves that this was gonna happen regardless of what they did [i.e., were interested and helped out with the process]; those that were ambivalent either way and knew that it was a real pain in their life but didn't care enough to take action one way or the other; and then the group who were reactive and wanted to try to dump the system as the solution rather than work through it.''
Understanding/Tolerance
Often the most one can expect from a group of disgruntled employees is that they develop some level of understanding, or tolerance, of the system. 
Negative Emotions
Negative emotional responses to the CPOE systems were by far the most prevalent in all of the observations.
Shame/Guilt
Many times users are upset by the position in the workflow in which alerts arise. For example, one respondent said, ''I feel guilty if I click it no [when asked, ''do you want to document your actions to satisfy this alert?''], because it's almost as though I haven't dealt with it, but I always do deal with it.'' Another stated, ''We take these alerts personally, and they're like a slam. It's like, ''Well, they [the patient] just got here and I haven't even had a chance to do anything [e.g., enter an order for a specific preventive screening procedure], and I'm getting the ALERTS!''
Anger/Annoyance
Computer-based provided order entry system designers think they are helping clinicians take the correct actions and hope that the alerts and reminders that pop up to interrupt the clinician's workflow will help them ''learn'' to perform the correct action. Unfortunately, these little ''learning opportunities'' do not always have the intended effect as 
Hostility/Animosity
Hostility was one of the most commonly expressed emotions throughout all these interviews and focus groups. A work stoppage, even if only threatened, represents a level of hostility rarely seen in, or even around, health care institutions, ''but they.happened like a hurricane [i.e., rallies of hostile residents] within the space of two or three days, all of a sudden something would happen, stir the pot, everybody would decide okay, we've had enough and this is the time [to strike].''
Disgust/Loathing
Disgust often results from situations in which the person has little or no control over the situation at hand. These feelings of disempowerment were widespread throughout the data sets. ''Everybody felt like the university had gotten the short end of the stick, they'd.got a bad product. And then to make it [worse], we couldn't dump it and it [was a] 6 million dollar investment whatever it was, I don't know how much the investment was, it was a lot of money and you couldn't just dump it into a different vendor.''
Discussion
The practice of medicine is filled with enormous stressors including an incredible workload 32 that is often accompanied by a lack of sleep, 33 the threat of lawsuits, feelings of loss of control over the workload and/or schedule, 34 task interruptions, 35 and patients with complex medical problems. 36 With all these stressors capable of causing negative emotions, CPOE system designers and implementers must be especially careful not to be the ones to cause a nonlinear negative effect on performance (e.g., failure to complete a task or an erroneous action) 37 by popping up yet another irrelevant alert 38 or implementing a new CPOE system 39 on an underpowered and slow computer system. 40 Likewise, clinical system designers and health care administrators should be careful to listen and respond in a positive manner to clinical users' concerns. At the same time, clinicians need to be educated about the potential long-term benefits of CPOE and remain open to the possibility of changes in their workflow.
CPOE systems with clinical decision support capabilities focus frequently on alerting or reminding clinicians when they have forgotten to do something or when they have done something wrong rather than trying to educate or help them to do a better job, by making ''the right thing to do the easiest thing to do.'' It is little wonder that so many of the emotions exhibited by clinicians involved with CPOE implementation, or any clinical information system, are negative. 41, 42 Interestingly, many of the positive emotional responses that we observed resulted directly from 1. Positive feedback from other users (e.g., order set becomes ''hallmark'') 2. Evidence that either system designers or health care administrators listened to their concerns and made positive changes (e.g., ''system much improved now'' or ''clinicians and administrators worked it out'') 3. Aspects of the systems that provided some sort of positive feedback to clinicians (e.g., ''lights unlit'' or ''little sound'') Likewise, many of the negative emotions that we recorded resulted from either negative feedback from the system or from health care or information technology administration personnel. Based on these findings and the recognition that clinical information systems users already lead stressful lives, system designers might consider designing systems that provide more positive, rather than punitive, feedback. 43 
An Idea for Improving Clinical Information Systems by Providing Positive Feedback
While CPOE system designers and implementers can never hope to remove the myriad of stressors routinely faced by clinicians, it might be possible for them to develop new system features that provide positive feedback to clinicians, although we must be careful not to further disrupt the clinicians while doing this. For example, the ability for each clinician to select first whether he or she would like to receive positive feedback and then, if so, to what degree, might be helpful. If a clinician chose to participate in the positive feedback program, might receive something like the following examples.
d A system might pop up a small congratulatory reminder whenever a clinician enters 100 medication orders in a row that are on the formulary. d We could place a small geometric figure in an unobtrusive location on the screen that had pieces added to it, or it was colored in, as the clinicians worked with the system as designed. d A congratulatory message could be sent to clinicians by the system when they have completed all their patient encounters within three days of the event over a one-month period. d We could generate a pleasant audio sound when clinicians performed a series of correct tasks. d Clinicians could get a $50 gift certificate whenever 90% of their patients meet their health maintenance targets in any given month. d Clinicians who have overridden a particular alert more than 90% of the time and more than ten times in the past three months could be presented with an option to: Stop receiving this alert because.(enter reason here!) or Continue receiving this alert. d We could allow physicians to adjust the level of positive feedback that they receive so that they would not receive more disruptions than they want.
If clinicians received such positive reinforcements or simply felt more in control of their workflow, they might react differently to the various alerts and reminders that are currently in place. For example, rather than feeling as if the alerts were ''punishing'' them, they might begin to feel that these alerts were ''helping'' them reach their objectives.
Study Limitations
The data sets used in this secondary analysis were chosen because the organizations, as well as the clinical and information technology personnel, represented a cross section of types, geography, backgrounds, and experience with CPOE. The selection was purposive rather than random, according to qualitative research conventions. It is possible that informants expressed negative emotions because they hoped that the researchers would take complaints to those who manage the systems. However, the researchers did explain the purpose of each study. It is also possible that informants enjoyed the opportunity to vent, which would also increase the number and intensity of negative emotions.
Conclusion
Designing, implementing, and maintaining CPOE systems is difficult. The implementation and subsequent use of these systems inspires intense emotions in nearly everyone involved. If system designers fail to recognize that various CPOE features and implementation strategies can increase clinicians' negative emotions, then this may increase the likelihood that the system implementation will fail or that the system will never be routinely used by clinicians. Increasing the positive feedback associated with these systems might alleviate some of these problems, although this is a hypothesis that should be tested.
